Abstract: This study aimed to investigate the effect of iron toxicity in cowpea using physiological and biochemical responses of selected accessions. Fifteen accessions of cowpea were exposed to two treatments of iron using FeSO 4 solution (100 mg l −1 and 400 mg l −1 ) and distilled water at pH 6.2 as control. The results showed that there was a general reduction in germination morphology; germination percentage among the 400 mg l −1 Fe-treated accessions. Seed mortality rates were significantly higher among the 400 mg l −1 Fe-treated accessions (> 35 %). Water imbibition capacity and relative mass gained were higher for Fe-treated accessions. Furthermore, significant increase in the total sugar and percentage utilization of sugars was accompanied by an insignificant decrease in chlorophyll a, a significant decrease in chlorophyll b contents and the persistence of foliar chlorosis, among the 400 mg l −1 Fe-treated accessions. MDA levels were significantly increased while proline remained unchanged, mean SOD activity was insignificantly increased, whereas Cat decreased among the 400 mg l −1 Fetreated accessions. Documentation of these observable changes in physiological and biochemical parameters will be useful in understanding the impact of elevated iron concentrations on the cultivation of cowpea accessions in soils associated with ferruginous ultisols.
INTRODUCTION
The importance of proteins in humans cannot be over-emphasized especially in its use for the development of body structures as well as regulation of human metabolism. Dietary proteins can be obtained from either the plant or animal sources according to Ahenkora et al. (1998) . Many of African countries are currently struggling economically and as such it has become difficult for the citizens to purchase animal products which are major sources of proteins. Notwithstanding the economic situation especially in Nigeria, there is also the issue of health disorders associated with over-dependence on animal proteins (Spence et al., 2010) and these challenges make it imperative for the drive for cheaper and healthier alternative sources which the plant sources provide (Clinfton, 2011) .
During austere times such as is prevalence in most African countries, legumes are among the safer and cheaper plant sources of proteins (Nielsen et al., 1993) . Averagely, about 70 million people consume legumes globally and attempts aimed at achieving food security through these sources have prompted the need to set up farmlands and improve the technological inputs for better yields while at same time ensuring that adequate and efficient storage systems for preservation of harvested crops are in place (Diouf & Hilu, 2005) .
Though the above efforts in the achievement of nutritional sufficiency are a welcome development, environmental factors have been shown to impact significantly on crop productivity. However, human activities such as mining and other industrial activities may be a major source of heavy metal pollution to soil and these impacts negatively on crop productivity (Ikhajiagbe, 2016) . The presence of heavy metal in soils usually above the limit of tolerance leads to metal toxicity and a good example is the presence of high concentrations of iron in ferruginous soils in which the available iron (Fe 2+ ) is greater than 300 mg kg −1 (Yamauchi and Peng, 1995; Ratering & Schnell, 2000) . At such high concentrations, iron becomes toxic to plants' growth and development as seen in lowland rice which has been reported in various countries including Nigeria, Colombia, Malaysia (Suresh 2005; Mitra et al., 2009) .
Reports have shown that most cowpea; about 66 % of global production, are grown in the African continent particularly in Nigeria and Niger. In Nigeria, most of these productions are domiciled in the Northern region (Blade et al., 1997) . The conditions needed for the cultivation of cowpea such as above 80 % sandy content are also present in some other states such as Edo State, Nigeria, Edo State but have recorded very low production (IITA, 2003) . One of the reasons for this shortfall may be due to the presence of high iron in most of these soils (ferruginous ultisols) as shown by the geological evidence of Ikhile (2016) and collaborated by Imasuen & Onyeobi (2013) .
There is a dearth of information on the physiological and biochemical response of cowpea to elevated iron levels as most existing literature focus on rice. Therefore, the study aims to investigate iron toxicity in cowpea using physiological and biochemical responses of selected accessions which will serve as a background for the understanding of the basis of tolerance of cowpea accessions planted in a ferruginous ultisol.
MATERIAL AND METHODS

EXPERIMENTAL DESIGN, SEED COLLECTION AND PLANTING
Fifteen accessions (TVu-3742, TVu-3769, TVu-5348, TVu-5760, TVu-5768, TVu-5782, TVu-5883, TVu-6102, TVu-6193, TVu-6219, TVu-6290, TVu-10600, TVu-10881, TVu-11114, and TVu-11214) of cowpea were used in this study. The study was undertaken in the greenhouse of the Department of Plant Biology and Biotechnology, University of Benin, Nigeria. The accessions were provided by the Genetic Recourses Centre of the International Institute for Tropical Agriculture (GRC, IITA), Ibadan, Nigeria. The accessions were exposed to two treatments (100 mg l −1 and 400 mg l −1 ) of iron sulphate (FeSO 4 ) solution based on toxicity reference for soil iron (300 mg l −1 ) and distilled water at pH 6.2 as control. The No. 1 Whatman's Filter papers were placed in Petri dishes moistened with the treatment solutions and thereafter ten seeds (mean mass: 0.18 ± 0.09 g) each of the fifteen accessions were planted in three replicates.
DATA COLLECTION
Germination
Germination parameters were assessed by methods described by Sadeghi et al. (2011) . These include germination percentage, seminal root length, shoot length, leaf area of germinant, seed mortality, mean water imbibitions capacity, water imbibitions rate and relative mass gain.
seeds and cotyledons such as total sugars, chlorophyll a and b were assessed. The total sugar was estimated according to the method described by Nelson (1944) and modified by Sankar & Selvaraju (2015) . Chlorophyll a and b contents were investigated according to methods described by Arnon et al (1949) and Maxwell & Johnson (2000) .
Characterization of iron toxicity symptoms
For characterization of FE-induced chlorosis, morphological observations of the plant in response to the experimental conditions were recorded on an intermittent basis. These observations include the colour, shape, form or the appearance of the leaves and the stem of the plant as well as the positioning of flowers and nodes. Care was also taken to make sure that the succession of chlorosis was recorded.
Antioxidant activities
Enzymatic (catalase, superoxide dismutase) and non-enzymatic (proline and malondialdehyde) antioxidants parameters were evaluated in the seeds and cotyledons of successfully germinated accessions. SOD activity was determined by the methods of Beauchamp & Fridovich (1971) and described by Ranganayakulu et al. (2013) . Catalase activity was measured by the method of Luck (1971) and modified by Esma & Gulnur, (2016) . MDA was determined using the thiobarbituric acid assay method described by Health & Packer (1968) and modified by Erja et al (2001) . The extraction and estimation of proline were done according to the methods of Bates et al (1973) and Marin et al (2006) .
STATISTICAL ANALYSIS.
Data obtained from this study were subjected to a two-way analysis of variance using the SPSS statistical analysis software (SPSS-20 ® ). Students' T-test and the least significant difference; LSD was used for equality of means while the Levene's test was used for the analysis of equality of variances. All statistical analysis was performed at a confidence limit of 95 % (p = 0.05) and values are presented as mean ± standard deviation.
RESULTS AND DISCUSSION
RESULTS
The results obtained from this study showed the germination (%) of TVu-3769, 5760 and 6219 were significantly higher for control as well as the mean germ (%) when compared to the 100 mg l −1 and the 400 mg l −1 Fe-treated accessions (Fig 1) . The seminal root length of TVu-5348, 6219, 11114 and mean value of control accessions were significantly higher compared to the 100 mg l −1 and the 400 mg l −1 Fe-treated accessions ( Fig  2) . For shoot length, TVu-3769 and 11214 showed significantly higher values for control accessions whereas TVu-5348, 5760, 5782, 6290 and 10600 were significantly higher for 100 mg l −1 Fe-treated accessions. Comparison of the mean values of control, 100 mg l −1 and the 400 mg l −1 , showed a significantly higher mean for 100 mg l −1 Fe-treated accessions (Fig 3) . The leaf area of TVu-5348, 5883, 6193 and 10600 was significantly higher in control accessions. Also, the mean value of control accessions was higher when compared to 100 mg l −1 and 400 mg l −1 Fe-treated accessions, the mean differences were statistically insignificant ( Fig  4) . The mean seed mortality (%) showed a significantly higher value for 400 mg l −1 accessions compared to the control and insignificant when compared to 100 mg l −1 Fe-treated accessions. The least mean value was observed in the control accessions ( Fig 5) .
The water imbibition capacity, water imbibition rate and relative mass gain of TVu-10881 were significantly higher in control ( Fig 6, 7 and 8) but, comparison of the mean values of the control, 100 mg l −1 and 400 mg l −1 Fetreated accessions show no significance ( Fig 6) . Tvu-3769 showed a significantly higher value for water imbibition rate and relative mass gain for the 100 mg l −1 and 400 mg l −1 Fe-treated accessions while the comparison of the mean values was statistically insignificant (Fig 7 and 8) .
For the plants' productive capacity, the total sugar of germinated seeds was compared to the seeds obtained for studies from the IITA. The results showed that the seeds from IITA had significantly higher total sugar (Fig 9) . However, the mean total sugar of 100 mg l −1 was higher than 400 mg l −1 Fe-treated and control accessions. These mean differences among 100 mg l −1 , 400 mg l −1 Fe-treated and control accessions were insignificant (p > 0.05). Accessing the total sugar contents of the cotyledons showed a significantly higher value for TVu-6219 in control accessions meanwhile comparison the mean values among 100 mg l −1 , 400 mg l −1 Fe-treated and control accessions were insignificant (p > 0.05) as seen in Figure 10 . The percentage utilization of sugar showed a significantly higher mean value for 400 mg l −1 compared to 100 mg l −1 Fe-treated and control accessions (p < 0.05) as seen in Table 1 .0. Table 2 .0 showed the Chlorophyll-a (Chl a) and b (Chl b) contents of cotyledon after 1 week following germination initiation. For Chl a, the highest value was seen in Tvu-10881 (0.139 mg g −1 ) among 100mg l −1 Fe-treated accessions and the least in Tvu-10600 (0.032 mg g −1 ) among control accessions. Statistically, insignificant differential mean values were observed when the control accessions were compared with the Fe-treated accessions. For Chl b, the highest value was observed in Tvu-10881 (0.251 mg g −1 ) among 100 mg l −1 Fe-treated accessions and the least in Tvu-10600 (0.057 mg g −1 ) among control. The mean chlorophyll b value of 100 mg l −1 Fe-treated accessions was higher while the 400 mg l −1 Fe-treated was lower compared to the control. These mean differences were statistically significant. The mean total chlorophyll value for the 100 mg l −1 Fe-treated accessions was higher while the 400 mg l −1 Fe-treated was lower when compared to the control. However, these mean differences are statistically insignificant. The ratio of Chl a to Chl b showed insignificant equal mean values among the 100 mg l −1 , 400 mg l −1 and the control accessions. Table 3 .0 shows the persistence of chlorosis on germinants at 5, 6 and 7 days after germination with the mean persistence of chlorosis being more evident (++ and +++) among the Fe-treated accessions (100 mg l −1 and 400 mg l −1 ) at early days of germination compared to the controlled accessions (+).
Antioxidant capacities of the accessions showed that the MDA levels of TVu-3769, 6193, 10881 and 11114 were significantly higher among the control group ( Fig  11) . Comparison of the mean MDA values of 100 mg l −1 , 400 mg l −1 and control showed that the mean value of control was significantly higher but those of proline were statistically insignificant (Fig 12) . Catalase activities of TVu-6193 and 11214 were significantly higher in the control group compared to Fe-treated accessions (Fig 13) . Comparison of the mean CAT activities among 100 mg l −1 , 400 mg l −1 and control accessions showed a significant least value for 400mg l −1 Fe-treated accessions while a significantly higher mean value for the 400 mg l −1 Fe-treated accessions was observed for SOD activities when compared to the 100 mg l −1 and control accessions (Fig 14) .
DISCUSSIONS
The findings of this study showed that iron toxicity significantly reduced germination parameters as evident in the lower germination (%), seminal root and shoot lengths and leaf area of germinants whereas seed mortality is significantly increased. Also, the productive capacities of the accessions were significantly reduced among 400 mg l −1 Fe-treated accessions while insignificant mean differences were observed for chlorophyll a. However, Fe- toxicity significantly reduced the chlorophyll b content as well as increased persistence of chlorosis among the 400 mg l −1 Fe-treated accessions. The plants' antioxidants defence capacity showed significant lower catalase and higher SOD activities among the 400 mg l −1 Fe-treated accessions which corresponded with significant higher MDA values while the proline content is unchanged.
Plant germination is usually affected by the difference in genetic make-ups of the different plants as well as environmental factors such as the presence of heavy metals (Bhagyashree et al., 2016) . Seed germination is a significant stage in the seedling establishment; it decides successful crop and yield production (Bhattacharjee, 2008) . The reduced values for germination parameters obtained from this study is consistent with the results of Ahmad et al. (2012) and Abdel-Haleem (2015) . Though arguably, the reduced germination parameters may not be due to iron overload but rather due to general nutrient deficiencies, the presence of iron oxide deposits on the roots of wetland plants could act as a filter for nutrients such as phosphate, thereby causing a deficiency in the aerial parts of the plant. Furthermore, the physicchemical effects of iron on osmotic balance through the increase of osmotic pressure with the tendency to disrupt seed hydration may be a contributory factor for the reduced seed germination (Nabil & Coudret, 1995; Onyango et al., 2019) .
The significance of water in seed germination is critical; thus the capacity for water imbibition by plant seeds is necessary for successful germination initiation and this has been shown to be affected by the difference in the permeability of the seed testa, seed composition and the availability of water in the environment (Wada and Abubbakar, 2013) . Water imbibition capacity responses differed across the accessions. The low osmotic potential has been shown to extend the time needed for imbibition as well as delaying the onset of germination. Results obtained were similar to those of Olasoji et al. (2013) and Araujo et al. (2016) who also observed differential response for the rate of water of imbibition for 2019) who observed a reduction in soluble sugar content in rice exposed to iron toxicity. Development of oxidative stress in plants exposed to heavy metals is largely ascribed to the heavy metalinduced imbalance between the generations of toxic oxygen radicals and their scavenging through the antioxidative defence mechanisms. With increasing concentrations of heavy metals, it is expected to observe an increased lipid peroxidation and increased activities of anti-oxidative enzymes such as SOD, GSH and catalase (Priti et al., 2009; Arleta et al., 2012) . Activities of SOD and catalase were observed to be concentration-dependent and have an initial increase as concentration increase but a reduced value was later observed upon exposure to Pb-toxicity (Malar et al., 2016) . Superoxide dismutase is considered as a first-line defence system against ROS, as it acts on superoxide free radicals, which are produced in different compartments of the cell and are precursors of the other ROS (Priti et al., 2009) . It is involved in the dismutation of the oxygen-free radical; O 2 into H 2 O 2 (Sun et al., 2009 ). Hence, it is expected for its increase during plant stress in response to heavy metal accumulation such as increase Fe concentration. These results are in consistence with the findings of Prasad et al. (2014) but inconsistence with the findings of Sadeghipour et al. (2008) in which reduced catalase activities were recorded.
The H 2 O 2 produced from the dismutation of O 2 is expected to be cleared by peroxidase via the reduction of hydrogen peroxide (H 2 O 2 ) into water (H 2 O) and oxygen (O 2 ). At overwhelming levels of H 2 O 2 , catalase is mobilized for a further breakdown of the H 2 O 2 (Gao et al., 2010) . Therefore it can be suggestive that the insignificant change in catalase activity may be as a result of the ability of peroxidase to scavenge the hydrogen peroxide produced by SOD. MDA was reduced under Fe exposure which is perhaps an indication of enhanced antioxidant activity. No significant changes in proline content perhaps implied that antioxidant activity may not have been proline-mediated, or affected by changes in proline concentration (Choudhary et al., 2007) . The results obtained from this study were inconsistent with the findings Singh et al. (2012) and Krishnaveni et al. (2015) .
CONCLUSION
The findings of this study showed that iron concentrations greater than 300 mg kg −1 , have a negative impact on biochemical processes associated iron metabolism in cowpea. These findings have assisted in understanding the mechanisms, by which there is high yield loss in cowpea due to iron toxicity. The documentation of these observable physiological and biochemical changes will serve as background for further studies into the selection of iron-tolerant cultivars to improve the cultivation and production of cowpea in regions associated with ferruginous soils.
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